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Abstract
Optical absorption spectra of C70 and C76 are calculated by a tight binding
model with a long ranged Coulomb interaction. The spectrum of C70 is in
overall agreement with the experiment of molecules in a solution. The varia-
tions of the spectral shape are discussed relating with the symmetry reduction
from C70 to C76.
1. Introduction
Recently, fullerenes CN with hollow cage structures have been intensively in-
vestigated. Many optical experiments have been performed, and interesting
properties due to pi electrons delocalized on molecule surfaces have been re-
vealed. They include the optical absorption spectra of C60 and C70 [1], and
the large optical nonlinearity of C60 [2,3]. In order to analyze the optical prop-
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erties, we have studied the linear absorption and third harmonic generation of
C60 by using a tight binding model [4] and a model with a long range Coulomb
interaction [5].
The purpose of this paper is to extend the calculation of C60 [5] to higher
fullerenes: C70 and C76. The main purpose is to look at how the optical ab-
sorption changes as the symmetry of the molecule reduces from C60 and C70 to
C76. We start from a tight binding model with a long ranged Coulomb inter-
action. The Coulomb interaction is the form of the Ohno potential with the
onsite and long range interaction strengths. We also consider the broadening
of the optical spectra due to lattice fluctuations by using the bond disorder
model.
We shall report calculations in the following way. In the next section, our
model and its meaning are explained. Calculation method is also described
shortly. In §3, we report about C70. The calculated absorption spectrum
is shown, and comparison with experiments in a solution is made. We will
conclude that there is an overall agreement. Then, in §4, we turn to C76.
We will discuss how the symmetry reduction appears in the spectrum. The
summary is given in the last section.
2. Model and formalism
We use the following hamiltonian to consider optical spectra of C70 and C76:
H = H0 +Hbond +Hint. (1)
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The first term of Eq. (2.1) is the tight binding model:
H0 = −t
∑
〈i,j〉,σ
c†i,σcj,σ, (2)
where t is the hopping integral; ci,σ is an annihilation operator of a pi-electron
with spin σ. If t depends on the bond length, the results do not change so
strongly, because main contributions come from the strong Coulomb poten-
tial. Effects of zero point vibrations and thermal fluctuation of the lattice are
described by the bond disorder model which is the second term of Eq. (2.1):
Hbond =
∑
〈i,j〉,σ
δti,jc
†
i,σcj,σ. (3)
Here, δti,j is the Gaussian disorder potential at the bond 〈i, j〉. We can
estimate the strength of the disorder (standard deviation) ts from the re-
sults by the extended Su-Schrieffer-Heeger model [6]. The value would be
ts ∼ 0.05 − 0.1t. This is of the similar magnitude as in the fullerene tubules
and conjugated polymers. We shall treat interactions among pi-electrons by
the following model:
Hint = U
∑
i
(c†i,↑ci,↑ −
1
2
)(c†i,↓ci,↓ −
1
2
) (4)
+
∑
i 6=j
W (ri,j)(
∑
σ
c†i,σci,σ − 1)(
∑
τ
c†j,τcj,τ − 1),
where ri,j is the distance between the ith and jth sites and
W (r) =
1√
(1/U)2 + (r/r0V )2
(5)
is the Ohno potential. The quantity U is the strength of the onsite interaction,
V means the strength of the long range Coulomb interaction, and r0 is the
average bond length.
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The model is treated by the Hartree-Fock approximation and the single
excitation configuration interaction method (single CI), as we used in the
previous paper [5]. All the quantities of the energy dimension are shown
in the units of t. Parameters of the Coulomb interaction are changed within
0 ≤ V ≤ U ≤ 5t, and we search for the data which reproduce overall features
of experiments of C60 (shown in Ref. [5,7]) and C70. The absorption spectra
become anisotropic with respect to the orientation of the molecule against the
electric field as reported in the free electron model (Hu¨ckel theory) of C70 [8].
We average the anisotropy by rotating the molecule. The averaged data can
be compared with experiments of molecules in solutions [1]. We also include
the lattice fluctuation effects by averaging over bond disorder potentials as
well. Samples of the orientation of the molecule and the disorder potential are
changed 100 times. The good convergence is checked by comparing with the
results of the sample number 50.
3. Optical absorption in C70
Fig. 1(a) shows the molecular structure of the C70. It has the rugbyball
structure with the D5h symmetry. The absorption spectrum is calculated for
the Coulomb potential strengths U = 4t and V = 2t, and the bond disorder
ts = 0.09t. The same parameter set has been successful for C60 when the
calculation is compared with the experiment [7].
Fig. 2(a) shows the calculated optical absorption. Fig. 2(b) shows the
experimental data of C70 in a solution taken from [1]. The abscissa is scaled
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by using t = 1.9eV. The optical gap near 1.0t accords well with the experiment.
The small peaks around 1.8t may correspond to those of the experiment in the
similar energy region. Commonly, there is a dip of the optical absorption at
about 2.0t in the calculation and experiment. There is a maximum at 2.8t
in the two data. Therefore, we conclude that there is an overall agreement
between the calculation and the experiment. We note that the quantum lattice
fluctuation effects are also simulated well by the bond disorder model.
4. Optical absorption in C76
There have been two possible structures for C76 which satisfy the isolated
pentagon rule [9]. They have D2 and Td symmetries. Owing to the NMR
experiment [10], the molecular structure has been identified. There is only the
molecule withD2 symmetry. The structure is shown in Fig. 1(b). We calculate
the optical absorption taking account of the bond disorder ts = 0.09t, and
Coulomb interaction strengths U = 4t and V = 2t. As far as the authors know
at present, there are not detailed experimental data which can be compared
with the calculation. However, the calculation will be helpful for experimental
developments.
Fig. 3 shows the calculated results. The average by the rotation has been
performed. The optical gap is about 0.7t and this is smaller than 1.8t of C60
and that of C70. There are two broad large features around 1.5t and 2.5t with
fine structures. We could say that several small peaks around 1.5t and 2.6t
in the C70 data become fragmented to form the two wide features in the C76
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data. There is still a dip near 2.0t as in C70. The position of the dip does not
change so much. These variations could be regarded as owing to the symmetry
reduction from C60 and C70 to C76.
5. Summary
We have considered optical spectra of higher fullerenes: C70 and C76. We
have mainly looked at how the optical absorption changes as the symmetry of
the molecule reduces from C60 and C70 to C76. In the report about C70, we
compared the data averaged over the molecule orientation with experiments
in a solution. We have concluded that there is an overall agreement about
the energy dependence in the optical spectrum. In the report of C76, we
have discussed how the symmetry reduction appears in the spectrum. As we
proceed from C60 and C70 to C76, several peaks merge into two large broad
peaks owing to the symmetry reduction.
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Figure captions
FIG. 1. Molecular structures for (a) C70 with D5h symmetry and (b) C76 with
D2 symmetry.
FIG. 2. Optical absorption spectra for C70 shown in the arbitrary units. The
abscissa is scaled by t. (a) The calculated spectrum with the parameters
U = 4t and V = 2t. (b) The experimental spectrum (Ref. [1]) of molecules in
a solution. We use t = 1.9eV.
FIG. 3. Optical absorption spectrum for C76 shown in the arbitrary units.
The abscissa is scaled by t. Parameters in the Coulomb potential are U = 4t
and V = 2t.
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